Role of phospholipids of subunit III in the regulation of structural rearrangements in cytochrome c oxidase of Rhodobacter sphaeroides.
Subunit III of cytochrome c oxidase possesses structural domains that contain conserved phospholipid binding sites. Mutations within these domains induce a loss of phospholipid binding, coinciding with decreased electron transfer activity. Functional and structural roles for phospholipids in the enzyme from Rhodobacter sphaeroides have been investigated. Upon the removal of intrinsic lipids using phospholipase A2, electron transfer activity was decreased 30-50%. Moreover, the delipidated enzyme exhibited turnover-induced, suicide inactivation, which was reversed by the addition of exogenous lipids, most specifically by cardiolipin. Cardiolipin exhibited two sites of interaction with the delipidated enzyme, a high-affinity site (Km = 0.14 μM) and a low-affinity site (Km = 26 μM). Subunit I of the delipidated enzyme exhibited a faster digestion rate when it was treated with α-chymotrypsin compared to that of the wild-type enzyme, suggesting that lipid removal induces a conformational change to expose the digestion sites further. Upon reaction of subunit III of the enzyme with a fluorophore (AEDANS), fluorescence anisotropy showed an increased rotational rate of the fluorophore in the absence of lipids, indicating increased flexibility of subunit III within the enzyme's tertiary structure. Additionally, Förster resonance energy transfer between AEDANS and a fluorescently labeled cardiolipin revealed that cardiolipin binds in the v-shaped cleft of subunit III in the delipidated enzyme and that it moves closer to the active site in subunit I upon a change in the redox state of the enzyme. In conclusion, these results show that the phospholipids regulate events occurring during electron transfer activity by maintaining the structural integrity of the enzyme at the active site.